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Description 



FIELD OF THE INVENTION 
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,h. "'T- '° " impTOed gas ph * se bed P 0 *"* Wymerata, p.cces, amicus* 

SSSTJTSi "" """ ™" " imc '"" p * 0 " r '" ^ " ■ 2 

BACKGROUND OF THE INVENTION 

The introduction of high activity Ziegler-Natta catalyst systems has led to the development of new polymerization 
processes based on gas phase reactors as disclosed in U.S. Paten. No. 4.482,687. issued November^ 1984 These 
processesoler many advantages over bulkmonomer slurry processes or solvent processes. They are r TOre econo m S 
andmheren.ly safer mthatthey eliminate the need ,o handle and recover ,arge quantities of solven, ^whLTdva^qeouS 
providing low pressure process operation. wnneauvaniageousiy 

The versatility of the gas phase fluid bed reactor has contributed to its rapid acceptance Alnha-nlofin rvM,, m „ 

nran e d d b n ,! hiS "2 °I 7*".™ * °' ^ m ° ,eCUlar ^ «^ t ^ 

new and better products have been synthesized using single- and multiple-, or staged- qas phase reactor svL™ 

because o. the flexibility and adaptability o, the gas phase reactor to a iarge spectrum of 

h«i ITT' 9aS , PhaSe " Uidi2ed b6d reaC '° rS US6d in P°'y meri2in 9 alpha-olefins have a cylindrical shaped fluidized 
bed ipofoon and an enlarged, tapered-conical en.rainmen. disengaging section, sometimes referred to as the expTnded 
secnon or transition section. The enlarged entrainmen, disengaging section is employed to minimize ^quanZo S 
powder, or nes, earned out of the reactor. Fines can adversely alfec. properties of the polymer product Also Ls can 
be transported from the reactor into the recycle system by the fluidizing gas. Additionally, during pofymeS^ a phe- 
nomenon known as sheeting can occur. Sheeting is the adherence of fused catalyst and resin particles to thTwalte of 

,h h 3 * 6XPanded SeCUOn °' ' he reaC, °' When the shee,s become h ^vy. they can fall off the waS 
and plug the product d,scharge system or clog the distributor plate. These sheets can also contribute to product quS 
problems by mcreasing the gel level in end-use products such as plastic containers and films. Sheet n 2 Ac- 
cumulations are collectively referred to as solid particle build-up 

30 nn,^° nVe ^ 0n , a ^ '° PreV6nt Shee,in9 ' r0m a, * eC,ing ' hese and 01he ' P ans 01 ,he reacl °' system, as well as the final 
polymer product, the reactors are shutdown periodically and the walls are cleaned. When a reactor is down for c eaninq 
i..s typically hydro-blasted using water under high pressure to remove sheets and fines bui,d-up. Since S ^a poison 
as well as a,r the reactor must be purged to remove these poisons and the reactor must be dried This process is both 
«,me consume and costiy. As a result, significant savings can be obtained with the prevention of a sing'ie shu^wn 

,pr, ™ , C °"r n "° na P : aCUCe 10 maimain ' he ' eVel °' ,he " Uidi2ed bed a ,ew ,eet bel ™ »» "«* of the expanded 
sect on to avoid the accumulation ol fines in the expanded section o. the reactor. Thus, the volume o. the fluidized bed 
and therefore he amount of polymer in the reactor is fixed. II one were able to lower the fluidized bed level and maintain 

^ residence ,ime o( ,he poiymer m be ^ — - - «—* - - «£ 

40 i, wn!l a hf 0P T ,i0n °' ' he 935 Ph3Se " Uidi2ed bed P°^erization reactor system, there are times when 

it would be des,rable to ad,ust the powder inventory and/or solids residence time. Catalyst productivity and polymerization 
rate are affected by the residence time of the solids such as resin and catalys, in fhe realtor. CmZTjtXSZ 
nvrty and polymerization rate by adjusting residence time would be a desirable method lor controlling reactors that are 
operated ,n sequence (i.e.. staged reactors) to produce products such as bimodal polymers or copolymers In these 

he e oro 0 L P n yme M h a,, ° n TIT ^ COn,r °' °' PrOPOrti0n °' 0°*™' made in 6aCh reaclor « «* 
the properties ol the linal product and its property consistency. 

vm, 1°' P h1 UC ' 9 / ade ' ranSi,ionS ' 11 '^"y r «l uires about °™ <° <hree bed turnovers. By altering the fluidized bed 
volume and therefore the res.n panicle residence time, the time to achieve the number ol turnovers could be lessened 

so £ C r °^ 

Accordingly there is a need to improve reactor operation and to improve product quality by reducing sheeting and 
the accumulation ol lines ,n the expanded section ol a reactor as well as in other areas of the reactor system. 
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SUMMARY OF THE INVENTION 



Accordingly, the present invention provides an improved method lor polymerizing one or more polyolefins in the 
presence of a transition metal catalyst in at least one gas phase fluidized bed reactor system, the improvement comprises 
generating at least one low frequency, high pressure sound wave inside the reactor system which wave has sufficient 
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DETAILED D ESCRIPTION OF THE INVFMTinM 

5 Polymers 

P o^z;:xz^::: *Tz^7^Jzr can r e benemed by ihe ^ ^ *** 

percent of ethylene or propy,ene as hi Sj^*2E!r" ? """"^ ' inear COP ° ,ymerS °' 3 ma * 0r ™ le 
- more C 3 .o C 8 alpha olefins, and *hJ^££££ as X'T f 5 30 m * °' 0ne « 

polybutadiene. Preferably, .he C, to C„ alpha oleLs H ' . ^ V Chl ° ndeS and elaslor "ers such as 

which is closer than the fourth e^T^SE? to C^/Tr °" "* °' ** Carb0n at0 ™ 

hexene-1. 4-me.hylpen.ene-l. heptene-i an octene ."^'^ ^ al Pha °lef,ns are propylene, bu.ene-1, pen.ene-1. 
vention with a.pha olefin homopolymer and copper rel * '° "** ^ 086 °' ' hiS in " 

« polymers whose polymerization process can b bene* ted 2 the 2? V " ^ " m0n0mer ' Exam P les of 
andethWene/propylene/dieneteLnomer^bbes^^ 

block copolymers, poly(i.biitene) (when produced under r«T»fn L . 5 y 606 COntenl P r0 Py'ene/e.hylene 
polyethylenes. i.e., ethylene butene rubbed « !exe ne ZZ^T ^ toW ^ ^ "^^) 

o bornene and ethylene/propylene te;^V^^ to,P0,W ' e,h ^^opylene/e.hy,idene.no. 
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Polymerization Process 



dioxide and acetylene, with a catatytically effectiv^amoun, ZlT ?™ SlWe ' cart >°n monoxide, carbon 

initiate the po.ymeriza.ion reaction. These ZZ^ol^T V TfT™ 8 P ' eSSU ' e SuHicient «° 
4.482.687; 4,558,790: 4.994,534; SW^W^S^™^**^ U S Pa,enl Nos 

sons be essen,ially eliminated since on y m ino amounis t 2dd ' 2 " " eXlreme ' y Cri ' iCa ' * ha ' ,he **■ 

been found to dramatically, adversely affect the ooZerL it" ? T . m ° n ° Xide ,n ,he rec y cle 9 as > ha ^ 
pressure ranging from about 10 psi toS'^^S^r ^ " COndUC,ed at a 
about ,0-C to about 150'C. preferably about 40'C J^K^^^L*" * ,em P era,ure ™W "om 
gas vetoci.y ranges from about 1 to 3 feet/second, and p e rab y fs abo" 1 2 to IT 5 "" SUPertida ' 

proved polymerization process of the present inven.ion Such Y^f! Processes can be employed in the im- 
transition metal catalysts can be selected To^T V S 9enera " y 8re transition me,al catalysts. Such 

zirconium and mixture's thereoJ C<2 S^SSS' 9 " "T'T ""^ Chf0mium ' coba ». *•£ 
Typical cocatalysts and catalyst p^mSTiriJ^'SS^ tT TT a '° n9 W " h SUCh C8t8lyStS ' 
4.508.842; and 5.187.246 disclosed, for example, in U.S. Paten. Nos. 4.405,495- 

a "s A ^ — °- — es such as fluidization 

clay, and talc. Par " C ' eS ' nert par,,cles can ,nclud e. lor example, carbon black, silica. 



Sound Waves 
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sound region (i.e., low frequency, non-audible waves an Prefer Z I uT , W8V6S C8n be in ,he in,rasonic 

wave range (i.e.. audible waves and referred SZ?aTSS£T fn.ra ' "* ^ SOniC S0Und 

employed alone or in combination. Most preferably inUaZwaZ Z llT^* Z™* ^ S0 " iC WaVeS can be 
the infrasonic waves have a frequency ranging ul^a^iS^l^ZT PfeSent inVenU ° n Pre,erabl V 

have a pressure level of 90 ,o 200 decibel S^S^^^X TsT'^ ^ and ,hey 
preferably have a frequency ranging from about 30 to 1000 Z Z 'L , ° , J? S ° n ' C W8Ves in ,he audible ra "9e 
level ol about 90 to 200 dE L preferably T 2 0 nc iSdB pre,erab, y 200 '°400H.z; and they have a pressure 

In a preferred embodimenl one or more sound waves are dirpnoH t=„„=„,- » 
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sound waves are directed substantially parallel to the contours of the interior surfaces on which build-up occurs. By 
perpendicular is meant that the sound waves are directed substantially perpendicular to the interior surfaces on which 
build-up may occur. Most preferably the sound waves are directed tangentially to the interior surface to be cleaned. The 
sound waves can be activated continually or intermittently. Preferably the sound waves are activated intermittently. 

5 Sound waves employed in the present invention have an activation time ranging from about 5 seconds to continually, 
preferably from about 10 seconds to 30 seconds. The cycle time of the sound waves can range from about 1 minute to 
continually, and preferably is 5 minutes to 1 hour. Activation time is the period of time that a device is producing sound 
waves. Cycle time is the time interval between activations of a device. 

Such sound waves employed in the present invention can be produced by one or more sound producing devices. 

ro Preferably 1 to 10 such sound producing devices are placed throughout the reactor system: And, of these, preferably 
1 to 4 devices are placed inside the reactor itself. Sound wave producing devices can be installed in any part of the 
reaction system such as for example in a heat exchanger, recycle line, below a distributor plate, a straight section of a 
reactor, an expanded section of a reactor, and preferably in a transition section of a reactor just above a straight section. 
Additionally such sound wave producing devices can be installed in downstream processing areas such as near or in 

'5 a purge bin. transfer lines, bag house, and storage bins. 

In the present invention one or more sound wave producing devices capable of withstanding the polymerization 
temperatures and pressures are employed to resonate particle deposits and cause them to dislodge from interior sur- 
faces. Accordingly, particle build-up is affected by the production of one or more low frequency, high pressure sound 
waves. The sound waves create transitional components of hydrodynamic shear flow which aid in removing particles 

20 from the surfaces of the reactor system. The sound energy generated by the device also breaks particle-to-particle 
bonds and those between a particle and the interior surface of the reactor or of the reactor system. In turn the particles 
fall by gravity or are removed by a gas stream. 

Sound wave producing devices are commercially available as INSONEX® and SONOFORCE® horns from Kock- 
um-Sonics (Sweden) described in EPO 189 386 A3 and as Sound-Off® (Model 360) Fluidizer from Drayton Corp. 

25 (Jacksonville, AL). The INSONEX® is an infrasound producing device (i.e., low frequency {15.0-19.9 Hz), high energy 
{l30dB}) driven by compressed air or other compressed gases. The infrasound energy of this device is generated 
through a long resonance tube by passing a given amount of gas through it. A central control sends a pulse signal to 
two 24 volt DC solenoid valves which control the valves. The pulsing of the valves regulates the pulse of the gas through 
the tube and thus determines the frequency. The gas pressure requirement and consumption are application dependent. 

30 For example, for a reactor system operating at 300 psig pressure and 100°C, the consumption of motive gas for the 
device would be about 8000 Ib/hr at about 1 00 psig pressure drop across the unit. Sound-Oft® is an audible sound wave 
producing device (i.e., low frequency {100-400 Hz}, high energy {145 dB}) which operates by means of a vibrating 
titanium or stainless steel diaphragm driven by compressed air or other gases. These devices are constructed of cast 
stainless steel or iron and have only one moving part, the metal diaphragm. The devices can be either mounted to a 

35 standard nozzle or to a tangentially directed nozzle. 

In the present invention the use of sound waves improves a gas phase fluidized bed polymerization process by 
allowing the reactor to be operated for longer periods of time before shutdown for cleaning and permits a reduction in 
the amount of off-grade polymer. The use of sound waves to minimize fines accumulation allows tor adjustment in the 
level of the fluidized bed, and, therefore, the amount of polymer in the reactor. This provides a way to control polymer 

*o residence time and catalyst productivity with less risk of sheeting in the reactor system. With the use of sound waves 
the amount of a fluidization aid employed in a polymerization process can be decreased or eliminated. When sound 
waves are employed, bridging, a well known phenomenon of particle solid build-up in a bridge-like pattern in purge bins, 
can be eliminated. 

The following examples further illustrate the present invention. 

45 

EXAMPLES 

At atmospheric conditions, a cold model system comprising a fluidized bed made of Plexiglas® (3 feet diameter), 
a compressor which circulated air as the fluidizing medium, and a recycle pipe was used to visually determine the 

50 effectiveness of using inf rasonic and sonic sound waves to remove particles from the fluidized bed system. The fluidizing 
bed containing polyethylene resin was held at a given superficial gas velocity for a given period of time, typically 5 to 
10 minutes, which resulted in a build-up of resin particles in the expanded section of the reactor portion of the cold 
model. Air was used to fluidize resin particles to a height of about 4 feet and superficial gas velocity was regulated 
manually. The gas used as the medium lor the sound wave producing devices was compressed air which was supplied 

55 by three 16 cubic foot cylinders connected in parallel. The cylinders were used to ensure sufficient volume was supplied 
to the sound wave producing devices. During operation, the cylinders were pressured to a desired amount as set forth 
in Table 1 for each example. The initial pressure and final pressure of the cylinders were recorded to monitor the amount 
of air flow being used during testing. The effective ranking ranged from 1 to 6 with 1 being the beet rating obtained. In 
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Examples 1 through 14 the sound wave producing device was an intrasonic sound wave producing-type. It was mounted 
to a straight nozzle in the expanded section ot the fluidized bed. The sound pressure wave was generated by passing 
a controlled amount of compressed air through the tube. Examples 1 5 to 1 6 did not use a sound wave producing device, 
only a pipe. In Examples 17 through 20 the sound producing device was an audible sound wave producing-type. When 

5 fines (resin particles) had accumulated in the expanded section, the sound wave producing device was activated. The 
activation time (i.e., the time during which the sound wave producing device was producing sound waves) varied from 
5 to 15 seconds as set forth in Table 1 . 

In Table 1, Examples 1 through 7 demonstrate the effect of the sound wave frequency in the removal of particles 
from the expanded section of the fluidized bed. Visual inspection revealed that the optimum frequency was about 16 to 

io 17 Htz. (Examples 5 and 7). In Examples 5 and 7 the fines were completely removed from the expanded portion of the 
fluidized bed as visualized by an omnidirectional, turbulent flow that extended from the top of the fluidized bed dome 
extending to the straight sided section of the Plexiglas® fluidized bed itself. 

Examples 8 through 10 in Table 1 demonstrate the effect of activation time of the sound producing device on particle 
removal. From these examples, it was noted that even with 5 seconds, the fines build-up was removed from the expanded 

is section of the fluidized bed. And, as the activation time was increased, the effectiveness of particle removal also in- 
creased. However, the build-up in the straight portion of the fluidized bed was not alleviated. 

Examples 1 1 and 1 2 in Table 1 were performed to determine the effect of the superficial gas velocity on the effec- 
tiveness of the sound wave producing device. From these examples, it appeared that particle removal was unaffected 
by superficial gas velocity. 

20 in Table 1, cold model examples using an infrasonic sound wave producing device, Examples 13 and 14 were 

performed to demonstrate the effect of gas supply pressure alone on the effectiveness of particle removal. The com- 
pressed gas pressure was tested at 60 psig and 40 psig versus the maximum available (82 psig). In both instances, 
some particles were removed from (he expanded section, even though gas movement was lower than 82 psig. 

Examples 15 and 16. which did not use a sound wave producing device, illustrated that the sound pressure wave 

25 was mainly responsible for removal of the fines and not the momentum of the gas alone moving through the tube. In 
these examples, the same volume of air was passed through the same nozzle entering the fluidized bed without em- 
ploying resonance. In Example 15, particles were removed only from the opposite side of the fluidized bed and there 
was no visual evidence of gas movement in the expanded section or in the straight sided section of the fluidized bed. 
At 40 psig (Example 16), particle removal was virtually non-existent. When these examples are compared to Example 

30 14 (40 psig) using sound resonance, it is evident that sound waves and not moving gas removed particles. 

When an audible sound wave producing device (horn producing sound pressure waves by means of a vibrating 
plate) was employed (Examples 17 through 20), it was noted that there was a slight movement or swirling of fines and 
the vibration caused the fluidized bed to vibrate which in turn loosened some of the particles. 
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TABLE; I 



w 



20 



25 
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M minimal particle removal 
*+ no particle removal 
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.Example 21 



The effect of using a langentially mounted nozzle attached m thn ^ 
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Example 22: Commercia l Scale Polymer Grade Chang e 

The reactor is operated at a production rate of about 25.000 pounds per hour or about 4 hours residence time Th* 
react.cn system produces a polyethylene product having a melt index of 2 g/10 min and a densMv ^O S^S * 
a manium based catalyst and an aluminum a.ky, co-catalys, white o^mZSS^Sm^ ^ 



Reactor pressure: 300 psig 




Reactor temperature: 


91 °C 


Ethylene partial pressure: 


110 psia 


1 -Hexene to ethylene molar ratio: 


0.105 


Hydrogen to ethylene molar ratio: 


0.186 



In order to transition to a diflerent grade polymer product, having a melt index of 5 g/1 0 min and a densitv of 0 934 o/r m 3 
some devces. mounted to tangential nozzles in the reactor expanded section ara aerated for abo^S L™hc 
proximately every 1 5 minutes. Once i, is evident tha, the fines are being ^Z^^S5^!IS£S 
by the expanded section skin thermocouples, the f.uidized bed level is lowered slowlyTataJ 
ope.at.ng level, while maintaining a constant production rate. During this period the sSevices^ e ^vlS^T 

c° ntonl^h 20 S T dS aPPr ° Xima,ely 15 m ' nUteS A,,6r ,he b6d ^^i^^STZ 

TsXZ^Z^J^ m ,0 make ,he dl,,erenl 9rade po,yelhy,ene ^ 



Reactor pressure: 

Reactor temperature: 

Ethylene partial pressure: 

1 -Hexene to ethylene molar ratio: 

Hydrogen to ethylene molar ratio: 




Once these conditions are achieved in the reactor, and the product reaches specifications, the bed level is returned to 

n abTfi h 9 6 10 COmP ' ete 9rade lranSi,i ° n The SOnic device ™ ke * « Possibfe to do a g radetansln 
n about 6 hours as compared to the 12 hours commonly practiced. In addition, the quantity of lower valuTnon-soed 
fication polymer produced during the grade transition is reduced by approximately 50%. P 

Example 23: Use of Sou nd Waves to Improve Product Quality 

bed Sin 2 i f h UbSlan,ia ' ly repea,ed ' exce P' lhal »>e catalyst system employed is chromium based and the fluidized 
bed is operated at the normal operating level. The reactor is operating at the following conditions: 



Reactor pressure: 


350 psig 


Reactor temperature: 


106 °C 


Ethylene partial pressure: 


1 92 psia 


1 -Hexene to ethylene molar ratio: 


0.0016 


Hydrogen to ethylene molar ratio: 


0.17 


Polymer flow index: 


40 g/10 min 


Polymer density: 


0.955 g/cm 3 



During operation accumulation of particles on the expanded section o. the reaction system is indicated by the use of 
skin thermocouples. If these particles are allowed to remain on the internal reaction surfaces ih P v JZ , , 
weightpajcleswhichfa,.^ 

w„h the other resm resulting in poor quality. However, in this example, two sonic devices having a frequency oTaZ" 
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■o-n 9 9* „ poor pST^S remOVe ° P ' e """ n8 "™ 
Example 24: Use of Sound W a ves m Si^ n p.^,-.. 

^— is a multiple (jn this case two) 

weigh, component in the f Jbimc^rel ^KS?^? h6d " " °' m0,eCUlar 
feed for .he next, limited split combinations are ac ZH 71? 7 P reaC '° r Syslem serves as ,he ca| a'ys' 
cause of catafys, decay and limits Jl^S^SSST " M bed «» volume) be- 

min and density of 0.930 fS pr^uce a Tow ™ 7'" P °' ye ' hylene resin ha ™9 a flow index o, 0.45 g/10 

9/10 min and a density o, t,SS ^ T ^ £"£^^^5!^^ ^ 3 ™» "*« - ^ 





Rxl 


Rx2 


Reactor pressure: 
Reactor temperature: 
Ethylene partial pressure: 
1-Hexene to ethylene molar ratio: 
[ Hydrogen to ethylene molar ratio: 


300 psig 
85 °C 
40 psia 
0.033 
0.034 


300 psig 
110°C 
90 psia 
0.010 
1.700 







. . »c H iuuuouon rate tor the tirst reactor is about nnn ih/hr ^ 

-b/hr resetting in a split of about 0.6 wi h sZl o 1^ • ^ fa,e iS about 65 - 000 

density of 0.948 g/cm^. Changing the split to 0 3 rtZSaZ E« 9 ' "° W **** °' af ° Und 8 9/10 min and a 
bimoda, product having an overall to^ZTSX^^™^?* ^'^^ 
a sonic device attached to a standard nozzle in the transitton s^-.irJ ^ Z * ' S accom P lished b V activating 

every 15 minule , Tne flujdi2ed bed { 30 seconds approximately 

ethylene partial pressures in both reactors are adjusted to ach^L Z , , f * n ° fmal ° peratin9 hei 9 ht ' The 
seen that without lowering the fluidized bed^e, he so t cot Id , h k SP " " °* Fnm ' hiS eXample ' h «" be 

leed late is nor possible because ^^^V^B^!^^pr^aiMt^^9a^^i^^^^^^ r ^^^ a ^^ catalyst 
Example 25: Use of Sound Waves for "Slinky Polymers 

A reactor as described in U.S. Patent No. 5,264 506 is started at wr „«i™ 
<e,hy,ene-propy,ene-diene) granular resin. The'following SSET£ SSS^J^^ ^ EPDM 

Reactor pressure: 
Reactor temperature: 

Ethylene partial pressure: 90 pfi i a 

l-Propylene to ethylene molar ratio: 0.8 
Hydrogen to ethylene molar ratio: 0.001 
Ethylidene-norbornene concentration: 60-80 ppm 

Carbon blacK is added intermittently to the reactor to Keep the static activity letter under con.ro, and to prevent the sticKy 



300 psig 
60 °C 
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Claims 
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n»o,e sola penrele buM .„ p „ Weto "I""* and pr.se,,,. „ pre<e „, 0 , 

3. «™»«x'«"laim« 1Bc „»„ 10tcB , m2w , e , t< , lhesMn<li>a>e . sm 

SO tcT^OOd^of WaVS ' la, '' n 9 a 'requency in Pie range of Iron, 10 to 30 HI and e pressure in the range ol Irom 

SSST" " a,i " 9 ■ , " K '°™' " - "» - - ■—»*-. Preseore * „ „„ 9 e „ Il0m 
below a d.s.ribu.or plate, a purge bin, or a bag house C '° r ' 8 heal a recycle line, 

gas velocity ranges from 1 to 3 feet/second 'emperature ranges from 10°C to 150«C, and the superficial 

or more C 3 to C e alpha olefins. em or ethylene or propylene and a minor mole percent of one 

(i) ethylene/propylene rubbers; 

ethylene/propylene/diene lermonomer rubbers; 
(Hi) polybuladiene rubbers; 
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(iv) high ethylene content propytene/ethylene block copolymers; 

(v) ethylene/propylene hexadiene terpolymers; 

(vi) ethylene/propylene/ethylidene norbornene; and 

(vii) poly(i-butene). 
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9. A method as claimed in claim 8 whprpin ™« 

"i where, one or more ca talysl promoter and co-ca.a^s. are employed. 
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